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ABSTRACT

Abscission zone explants of Gossyplum hirsutum L., Cassis fistula L.,
and Coleus blumei Benth. were used to investigate correlations between
endogenous rates of ethylene evolution and time of abscission. Additions
of 0.1 nanoliter per milifliter ethylene to the explants markedly acceler-
sted abscission; continuous aeration of the explants, to prevent accumula-
tion of smalli amounts of endougenously produced ethylene, inhibited abscis-
sion compared with that of sealed controle. Substances that stimulated
sbscission simultaneously accelerated ethylene evolution on all three

species and at any position of application.

The positional effects of auxin are explainsé as being due to differ-
ences In transport in the explant. Thus, aistally applied auxin {nhibits
ebsclssion regardless of the accelerated rate of ethylene evolution by
being rapldly transporied (o the abacisetion zone. Auxin applied proximally

fog ey

stimulates abscission because 1t is unable to move as rapidly %c the abscis-
sion zone and the ethylene effect beccmea dominant,

Ethylene was found to be most effective at longer exposures and cn
sged tissues, and it is concluded that abscission rates are not determined
basically by an auxin-ethylene balance but by an increase in s.nsitivity
of the tissue to the ethylene that is already being produced.
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1. INTRODUCTION

Any sttcuwpt tc explain the varlous processes Involved in leaf abscis-
slon must take into accourt the wide range of substances thet prefoundly
affect its course. Auxins,l gibbercllins,2 ethylene,a amino acids,"b
defolisnts of widely divergent chemical slructures,e"B dormin {abscisin

11),%"'* and various plant products®® ** have all been rcported to hasten
abscission rates.

The relationship of ethylene production to abscission may hold the
key to the stimulatory activity of the above evbstancee. FEthiylene is
known to be evolved from leaves,*®*'® and applications of defoltants’®
and indoleacetic acid (IAA)17 increase its rate of evolution from leaves
of intact plants. Results of our investigations on bean explants have
{ndfcated cthat substances that accelerate sbscission of these explants
also increase the rate of ethylene production prior te separation. It
was &l1s0 found that aeration of the explsanis somewhat retarded the
activity of these promotfve compounds.‘®*1® [t thus began to appear that
the common bond among all aubstancee that stimulate abscission is their
ability to promote ethylene evolutton.

In an attempi to investigate this notion further and tc extend our
findings, techniques similar to those previously reported have been
employed on abscission zone explants from plants of diverse taxa. The
results are compared with those reported in the earlier literature and
en attompt was made to Integrate conclusfons from earlier reports {nto a
more unified theory concerning the mechanisms of leaf abscissiom.

I1. MATERIALS AND METHODS

Four Cossyplum hirsutum L. var. Acala 4-~42 (cotton) seedlings were
grown in soil-ii{lled 10-cm pots at 26 * 2 C under 1200 ft-c of fiuorescent
light and a 12-hour photoperifod. Explants were isolated after 3 weeks so
as to include 10 mm of the hypocotyl and 3-mm stumps of the cotyledondry
petioles. This abscission test with cotton cotyledonary node is a modi-
fication of that described by Carns et sl.?

Cassia fistula L. was grown in soil-fi{lled galvanized cans (45 cm
high and 45 cm in dismeter) in the greenhouse. Msture pinnately cowpourd
leaves were harvested from plants 6 months or more of age. Explants con-
sieted of the rachis and pulvini of leaflets three through seven, counting
8s number one the leaflet nearest the bottom. Each explant measured 10 mm,
with 2 om of rachis tissue above the junction of the pulvini{ and 8 mm below.
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A clone of colevs {Coleues blumei Benth.) was grown in the greenhouse
in 10-cw pots containing eoil. During the winter months they received
&4 houre' sdditicnal {lluminetfon from 150-iatt incandescent bulbs spaced
4 meters apart &nd 2 meters sbove the bench. Abscission zone explanis
were harvested from plants containing 6 to 8 nodes. Node number one was
the uppermost node bearing leaves with petioles lorger then 5 mm, Each
explant from nodes 3, 4, and 5 consisted of 3 mm of stem tissue above
the node, 10 mm below the node, and tvo petfole sturpe 5 -~ long.

Six ml of 17 agar were voured into 43 = 2-ml gas collection bottles
(5 co {n diemeter and 2.5 cm high) and iU explazte of cassia or cotton or
5 coieus explents were inserted into the agar so thai 3 mm of tlc explant
were submerged. Compounds ware applied at three different points to
explants: bottom and top of stem (proximal applicetions) and petiole or
pulvinal stump (distal application). Bottom applications were made by
incorporating the chemicals into the agar medium Into which explants
were inserted. The other applications were made by {rcorpereting chemi-
cals into 1% sgar an< plscing drops either on stem tissue above the node
(top) or on the petiole or puivinal stumps.

The bottles were sealed with 25-um-diameter vaccine caps when samples
of gas were to be collected or they were covered with four layers of
moistened cheesecloth when the contents were to be aerated. The explants
were {ncubated at 25 * 1 C urder 150 ft-c continuous light throughout the
experirnt.

hvecission was messured by counting those stumpe that separated when
a pressure up to 10 grams was applied. The measurement of ethylene by gas
chromatography has bteen described earlier’® and fis expressed as nanoliters
per williliter (ul/ml). Measurement of carbon dioxide and oxygen was based
on methods outlined by Burchfteld and Storrs.®®

The following abbreviations sre used: 1indoleacetic acid (IAA),
cunapuihaieneaceiic acid (naa), gibberellic scid K salt (GA), 3,6-endoxo-
hexahydrophthalic ecid (endothal), phernoxyacetic acid (PAA), 2-chloro-
phenoxyacetic acid (2-Cl), 4-chlorophenoxyvacetic acid (4-(1), 2,4-dichloro-
phenoxyacetic actd (2,4-D), 2,5-dichlorophenoxyacetic acid (2,5-D), 2,6-
dichlorophenoxyacetic actd (2,6-D), 2,4,6-tricklorophenoxyacetic acid
(2,4,6-T), and 2,4,5-trichlorophenoxyisobutyric acid (z,4,5-TISB).
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1TI. RESULTS

The kinetics of ethylene evolution were first determined for each type
of explant employed, to serve as a gulde for experimentally induced wod{f{-
cations to follow. As shcown in Table 1, a similar pstrtern ot etlbylicne pro-
duction occurs in the three species studied. Ethylene is prodiced most
raplidly during the first 6 hours after cutting the explants; the rate
decreasses, then it becomes fairly steady. This initial burst has been
observed in other tissucs and may represent & weunding response or a
release of internally accimuleted gas.

TARLE 1. ENDOGENQUS ETHYLENE EVOLUTION FROM ABSCISSION ZONE EXPLANTS

Explants nl Erhvlene/ml Gas Phase Accumulatedil

ver Hours 7 Abscissicn
Plant Bott le Q-6 6-264 24-L8 L4872 at 72 Hcours
Casslis 10 0.3 G.02 0.04 0.0% 15
Coleus®’ s 0.8 0.6 0.2 0.1 95
Gossypium 10 C.4 0.3 0.2 0.1 20

8. Accumulated ethylene was measured after time intervals indicated.
Bottles were vented and resealed after each meacurement,
b. Explants from node &,

Slight manipulations with the ethvlene level surrounding the explants
can have striking effects on absciseion rates (Table 2). Ethylene levels
were elevated by injections of the gas after sealing the bottles or lowered
by covering the bottles with four layers of mcist cheesecloth. Quice
clearly, the rate of explant absciscion in the cloth-covered bottles
(aersted) is reduced compared with that of the controls, which were vented
only at the specified times (sealed). Injections of ethyleae, even at 0.1
nl/ml, markedly stimulated the abscission rate, and this stiwulation appeared
to be proportfonal to the concentration of gas added. Results of experiments
with explants from the fifth node of coleus are presented here, but similar
data were obtained with explants from the third and fouvth nodes.
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TABLE 2. EFFECTS OF AERATION AND ETAYLENE ADDIT,ONs
ON ABSCISSION RATES OF EXPLANTS
Ethvlene (nl/m’)
Accumvlated
/ from 6L-26 h; % Abscission
Plant Treatment? in Sealed ¥ot=-lcs 1 day 2 day. 2 days

Cassia Aerated 0 0 5

Sealed 0.05 0 0 15

0.1 nl CpHg/ml 0 5 100

0.25 nl CoH,/ml 0 SO 100
Coleus Aerated 0 55 95
{nide 5) Sealed 0.7 0 80 g5

0.1 nl CpHy /ml &5 100 10U

0.5 nl C2E4/ml 75 100 100
CGoesypium Aerated 0 ¢ 30

Sealed C.1 0 15 S5

0.1 nl CyR,/ml 30 100 100

0.511 Czﬂa/ml 70 100 10C

a4, Bottles were vented 6 hours after they vere originallyv scaled. The
bettles were then examined, vented, resealed, and ethylere was again
irjected after 6 hours, 24 hLours, and 48 hours.

Another parameter investigatod was the variation in sensitivity to
ethylene 85 8 function of the age of the explants. Freshly cut. 24- and
L8-hour-old cotton exnlante were ¢xpeid (T atudspheres conaining C, 2>
nl ethylene per ml gas phase. The aged explants were kept the specified
lengths of time pricr to che experiment in cloth-covered bottles. The
data in Figure 1 show that up to seven hours of ethylene exposure caused
oinima! differences {n abscissiun. Hcwever, Dy 21 hours it was apparent
that explants aged for 24 hours hsd sbscised most rapidly. Older explants
responded less rapidly to the ethylene, and explants that were freshly cut
at the beginniug of the experiment abscised slowest of all.

To stimulate absciesion mnst effectively, the explants must be expoused
continuously to the gac. As shown in Figure 2, cotton explants exposed to
ethylene for 21 hours efrer 8 l4-hour aeration pericd abscised more rapidly
{50% increase after 35 hoirs) than explants given & similar 21-hour exposure

immediately after cutting. This may be due to the aging response {(Tigure 1).

When the 21-hour ewpoesur: to ctiiylene wos divided inco three 7-hour periods
slternating with 7 houre of aeration, only 10% of the explants abscised
after 35 houras,

SRR Itbeor <
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% Abscission after 25 Hours

7 14 2 28
Hours Incubated in Ethylene

Effect of 0.25 nl Ethylene/ml Gas Fhase on Abscission
of Cotton Explants of Different Ages. Unaged explants
are freshly prepared. Explants that were 24~ and 48-
hours old were prepared by storing for 1 or 2 days on
plair agar in bottles covered with cheese cloth.
Aerated control explarts did not abscise during the
course of this experiment. Vertical lines represent
standard deviation.
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Blank areas indicate

20- periods vi aeration 7
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Figure 2., gzffect of 21 Hours at 0.25 al Ethylene/ml

Gas Phase on Cotton Explant Absclss”on.
Treatments started immediately after
explants were harvested. Aeration was
achieved by replacing rubber stoppmer with
four layers of cheese lot...
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Exporiments were then designed to measure the effects of abscission
stimulsators on ethylene production. 2,4-Dichlorophenoxyacetic acid and
its various analogs have been reported to stimulate abscission in direct
proportion to t.eir properties as growth regulatorc.®l Table 3 shows that
compuunds most effective in promoting ethylene evolution from cotton explants
are also these most effective in promoting abscission. Although concentra-
tions of 107* M 2,5-D and 2,4-D were three to five times more effective in
promoting ethylene evolution than 10"® M concentration of these compounds,
they were only partially effective in promoting abscivsion, and the explants
appeared flaccid and discolored. The data are express<d after the 24-hour
measurement only; results were similar after 48 hours, ltut because of the
normal course of abscission in the controls, the differences became less
marked.

TABLE 3. EFFECTS OF PHENOXYACETIC ACIDS ON STIMULATION
OF ETHYLENE “RODUCTION AND ABSCISSION IN COTTONR

Molar nl Ethylene/ml % Abscission
Compound Concentration Gas Phase after 24 hr after 24 hr
srol 0.5 0 i
1 (o 0.5 0
6T 10°¢ 0.6 10 3
2,67 w0t 1.0 25
4-C1 104 1.6 25
2-C1 10 2.3 75 3
2,4,5-T1SB i 7.9 85 F
2,5-D 10 1.9 9 EH
2 4-p w0t 5.0 9( §

The stimulation of abscission and ethylenme production by D- and L-
amino acids is shown In Table 4. OQur results (similar to those cof
Valdovirnos and Muir)5 indicata that the D-forms ware mcre actlve abscis-
sion accelerstors than L-forms, and our measurements show a simlilar
capacity for the stimulation of ethylene production.
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TABLE 4. RELATIONSHIP BETWEEN AMINO ACID-INDJCEDQ/ STTMULATIONS
OF ETHYLENE PRODUCTION AND ABSCISSION IN COTTON

;
|
i
{
1]
i
i
i

nl Ethylene/m]l Evolved 7 Abscission
Compound 0-24 hr 24-48 hr at 48 hr
Control 0.4 0.1 0
L-glutamic acid 0.4 0.35 47
D-glutamic acid 0.6 1.6 97
L-¢ianine 0.5 0.25 52
D-alanine 0.7 1.8 85
L-methionine 0.8 1.0 40
D-~methionine 1.2 G.8 65

a. Amino acids applied to petiole stumps as a 51 drop of
5 x 1002 M solution in 1% agar.

The effecty: of other stiuulators of absclssion are summarized in
Table 5. It is apparent that endothal, KI and GA simultanecusly iIncreased
ethylene evolution as well as the rate of abscission regerdless of explant
type or position of application (compare column headed ''sealed" with
column headed "nl CyH,/ml gas phase'). Exreriments with dormin were
limited to stump applicarion to cotton explants, NAA had similar effects,
but only at certain concentrations and application sites: these positional
effects of auxin are discusscd later. The concentrations of compounds
showi. In Table 5 were the most effective in stimulating abscission.
Higher concentrations cften gave rise vo secondary effects such as flacecid
and discolored tissve; more dilute concentrations had less effect on ethy-
lene production as well as on abscisesion. All experiments were repeated
on three separate occasions with egsentially similar results.

The effectiveness of abscission-stimulating compounds was reduced by
removing the accumulated ethylene from around the explants, Results are
shown in Table 5. In these experiments, erplanis were placed in bottles
covered by cheesecloth to permit equilibration of evolved ethylene with
the surrounding atmosphere (columm headed '"aerated"). Similar bottles
were capped with rubber vacc ne stoppers, then operned and resealed 6 and
24 nours after the start of the experiment (column headed "sealed"}. It
is apparent that the aeration treatment slowed rates of abscission compared
with that of explants Iin sealed containers. Similar data were also obtained
for € »lants from coleus nodes 4 and 5. Cowparable results are thus
obgerved with each of the three different species, both sites vf applica-
tion, ~d all abscission stimulants tested. The concentrations shown in
Table . produced moderate amounts of ethylenc. !igher concentrations pro-
duced correspondingly more ethylene, but the aeration was less effective !
at dissipating the gas, so that much smaller differences were recorded
between sealed and aerated treatments.
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Carbon dioxide evolution and oxygen consumption by respiring tissues
inside sealed gas collection bottles are potentially complicating factors
in these experiments. In & 24-hour p:riod representative carbon dioxide
levels around explant tissue of cassia, cotton, and coleus (node 4) were
0.05, 1.1, and 2.1% v/v, respectively. The reduction in oxygen levels
closely matched the Iincreased carbon dioxide levels. Our resulte (similar
tv those of Yamaguchf®®) indicated that carbon dioxide inhibits abeciezicn,
For example, 10% carbon dioxide completely blocked abscission of cotton and
coleus explants and correspondingly lower levels had corregpondingly less
effect.. However, addition of one nl ethylene ner ml gas phase completely
overrode the carbon dioxide inhibition. A drop in oxygen levels similar
to those observed in these experiments had little effect on abscigsion.
Abscission does not occur in the absence of oxygen.

Thus, enclosing explants in sealed bottles caused an elevation of the
C02 levels whici: would tend to inhibit abscission. This would rubsequently
minimize, not magnify, any differences in abecission rates between sealed
and aerated treatments.

The results obtained witn auxin threaten the validity of any concept
linking ethylene production to abscission. The same concentration of IAA,
for example, may stimulate abscission i{f applied proximally, and inhibit
abscission when applied distally.1 However, ethylene evolution would
remain the same in both instances. The following experiments in which
both auxin conceatraticn and explant length are varied show that anomalous
results obtained with auxin are primarily due to diffusion phenomena.

Coleus explants were cut lengthwise into halves, each containing a
petiole stump and abscission zone. These split explants were placed cut
surface down on agar containing different concentrations of JAA., As shown
in Figure 3, 103 M IAA {nhibited abscission as compared with that of
untreated controls. Intermediate concentrations stimulated the rate of
abscission, while ethyiene evolution rose proporticnately with increasing
IAA concentrations. Essentiaily similar results were obtained with cotton

- A e T
cotyledeonary node explaants.

The transport path for auxin in coleus explants was also shortened by
removing the stem tissue from the crotch between the two petiole stumps.
Figure 4 presents data similar to that of the preceding figure. TIAA
could either inhibit or stimulate abscission, depending on the concentra-
tion, and ethylene evolution was directly related to the concentration of
the auxin. 7These results for node 3 explants of coleus were repeated with
explants from nodes 4 and 5 and also with cotton cotyled: ry explants.

Still another method of demonstrating that the stimulatory effects of
proximal auxin treatments were due to diffusion phenomena was by applica-
tion of a fixed concentration of auxin tc the bottom of explants whose
hypocotyl tissue was cut to varying lengths. If diffusion does play a
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tole in accounting for the stimulatory or {nhibitory effects of auxin, then
NAA applied to the end of long hypccotyls should stimulate abscission (pre-
sumably due in part to ethylene production), and NAA applied to short hypo-
cotyls should inhib{it abscission (the diffusion path would be short enough
for an euxin effect to take precedence). Figure 5 demonstrates that the
abscission-hastening effects of 5 x 100° M and S x 10°* M NAA are lost with
a decrease in hypocotyl length, and at shorter than 8 mm lengths absciesion
becomes inhibited over that of the controls.

1001 —
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~ -S //
£ .ol. §$x190 M NAA s
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IV. DISCUSSION

To our knowledge, all vegetative tissues evolve ethylene.!®32 Equally
well-documented is the ethylene-induced acceleration of abscisslon of leaves
from intact plants and of abscission-zonc explants. The extreme sensitivity
of abscission zones to ethylene {s {illustrated {p Table 2; additions of 0.1
nl/ml to the gas phase around an explant markedly accelerated its rate of
abscission. On the other hand, continuous removal of endogenously produced
ethylene somewhat deluyed abscission compared with that of the nonaerated
controls.

It seems possible, then, that the striking increases in ethylene evolu-
tion caused by suxins, endothal, KI, gibberellic acid, and aminc acias from
explanrs of bean,19 cassia, cotton, and coleus may in some way participate
intimately in the abscission stimulations that follow. Support for this
proposal can be seen in Table S, If the high levele of ethylene induced
by the stimulatory substances are constantly removed from the atmosphere
surrounding the explant, the corresponding acceleration of abscissiocn is
somewhat reduced. This resporse to aeration was seen for all comp-unds
tested and for all species of explants.

Figures 1 and 2 show that the effectiveness of a given councentration
of ethylene depends both on the duration of exposure and on the physiologi-
cal age of the explant. This interrelaticnship between ethylene and the
age of leaves has been described earlier. Doubt,?® for example, stated ,
that the youngest leaves were the last to abscise during prolonged treat-
ments with {lluminating gas. Later, Zimmermsn et al.,® noted that the
first leaves to abscise after ethylene treatments were always the oldest
ones. They alsc showed that removing rose plants from an ethylene atmos-
phere (approximately 40 nl/ml) after 24 hours resulted in no acceleration
of abscission; a minimum exposure of 48 hours was necessary for abscission
stimulations. This suggests that, as in FPigure 1, certain changes must
have occurred in the leaves in the 24- to 48-hour period that precipitated
that abscission response. Results of experiments in which ethylene was
added at various times during development of the bean abscission zone sug-
gested that ethylene became an effective stimulator of abscission only
after the explants had been allowed to age for 48 hours,'?+33

Zimmerzwn et al.® slso noted a sharp reduction in ethylene-induced
abscission of rose leaves when temperatures were lowered to 5 C.
Similar results with temperature drops were mentioned by Hall and Horgan35
for cotton, suggesting that the changes necessary for the absciszion response
to ethylene were inhibited by the colder temperatures. Data show that auxin
inhibits these aging processes in bean.®¥®
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The nature of the changes that lead to increasing effectiveaess of
abscission stimulators is not known though they are associated with
senescence of leaf tissue. IAA®” and kinetin®® which retatd senescence
also retard abscission. Hall and Horgan’° found that high amounts of
ethylene increased in vitro YAA oxidase levels in cotton plants. These
obeervations were used to suggest that similar reactions occurred in
intact plants treated with ethylene. Galston and Hillman,?® however,
found little evidence for the operation of such an enzyme in vivo. Burg
and Burg®® have shown that ethylene had no effect on &uxin transport or
recovery through pea-stem sections, implying that oxidase systems are
not functional in intact tissue because no differences were observed in
the amount of C1% TAA collected at the base of ethylene-treated and con-
trol sections. Similar results using 1AA-2-C14 were observed with Zea
mays L. coleoptiles, hypocotyls from Helianthus annus L. and Phaseolus
vulgaria L., and petioles from Cossypium hirsutum L., Phaseolus vulgaris L., )
and Coleus blume{ Benth.3! Further, GA that stimulated both ethylene pro- i
duction and abscission (Table 3) has been reported to inhibit IAA oxidase
action in vitro,®?'33 Thus it does not appear that changes leading to
abscission are caused by ethylene acting directly on auxin metabolism.
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If ethylene did stimulate in vivo processes leading to aging and
subgequent ly the response to stimulatory substances, it would be diffi-
cult to explain why short exposures to the gas fall to {ncrecase abscis-

. sion over untreated controls® ?®'?? (Figures 1 and 2). Although it is

: impossible at this time to characterize further the nature of the increase
in gsensitivity tc ethylene, the metabolism of the plant as it ages must
be taken into consideration when studying the control of leaf abscission.

Objections that {nterpally produced ethylene might regulate leaf fall
were proposaed by Addicott and Lyncha‘ and Jacobs.?® Addicott'a group cite
experiments in which air was analyzed over a cotton field containing
abscising flowers and detectable amounts of ethylene were not found.

} Results by Hall et alﬂ,3° however, have shown quite clearly that cotton

! plants of all ageg do produce meagurable quantitics of ethylene, suggest-
ing that the data cited by Addicott and Lynch resulted from not sampling
close enough to the plant, This criticism points out some of the diifl-
culties encountered when analyzing interactions of ethylene with vegetative
tissues. One must assume that ethylene is produced endogenously by the
vegetative tissuee and that the gas also acts within the tissues. Thus,
the measured ethylene could be considered as the amount that is not used
by the plant.
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Jacobs®® found thst an intact coleus leaf stimulated sbscission of
the debladed petiole directly below {t. When no abscisesion stimulation
was obtained by placing a plant with debladed petioles In intimate con-
tact with intact leaves from another plant, he concluded that the leaf

. above the debladed petiole was not the cause for the observed stimulationm.

However, it is pogeible that e substance, presumably &aun auxin,a’ moving

b down from that leaf might promote petiolar abscission below by the sub-
sequent production of ethylene.
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It is also not likely that ethylene is merely a byproduct of abscission.
If this were 80, ite addition to explants would induce further production
of the gas by the tissue. Such an autocatalytic effect was never observed.

The suxin-gradient theory of Addicott and Lynchl appears to contradict
the proposal that ethylene produced by auxin participates in abscission.
Addicott and Lynch interpreted their data as showing that auxin control of
abscission is dependent primarily on the site of application and not on
cortentration or time of applicat{on, Since auxin is transported in
petioles in a strongly polar manner,®® it is possible that the positional
effects®® are due to the presence of different concentrations of auxin
near the sbscission zone. Thus, distally applied auxin would be transported
rapidly in a polar manner and could prevent any aging processes leading to
abtscission. Auxin applied proximally, however, must move acropetally,
primarily by diffusion, resulcing in less hormone accumulating later at
the abscisslon zone than L{f it were applied distally.

We attempted to check this supposition by altering the rate of diffu-
sion of auxin to the ehscission zone either by raising the concentration
of auxin or by leaving the concentration constant and decreasing the dif-
fusion path. Figures 3 and 4 show that the proximally induced stimulation
of abscission predicted by the auxin-gradient theory can be reversed by
increasing the concentration of sauxin. Similar results with bean explants
have been reported earlier by Gaur and Leopold.®™ 1In an experiment by
Kaushik*® (his Pigure 11) which was similar to chat shown in Figure 3, a
stimulation of abscission with low concentratiuns of IAA was not observed.
However, a strict comparison between Kaushik’s and our experiments {s not
possible, as his explants were incubated in the dark and ours in the light.
Speeding diffusion by shorterning the diffusion path also led to abscission
inhibitions, as shown in Figure 5, In this case, the same concentration
of proximally applied auxin that accelerated abscission of 10-wm hypccotyls
inhibited abscission of 4-mm hypocotyls. If we then assume that the posi-

tional effects of auxin are due only to different concentrations appearing
at the ahbgciseion zone at different times, the regults of Addicott and
Lynch may be explained with the aid of aux{n-induced ethylene production.
Thus, high concentrations of suxin in the .bscission zone, as might appear
soon after applications of high concentrations and/or distal applications,
would result i{n an inhibition of aging prucesses® that normally lead to a
sensitivity to ethylene followed by abscission.’® More dilute concentra-
tions of auxin at the abscission zone caused by the addition of less auxin
and/or proximal applications would inducc the formation of ethylene, as
did higher concentrations, but could not retain the physiclogically youthful
condition during which abscission is resistant to the gas. 1In this case
an sccelerstion of abscission would result.
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Hypothesee considering the essentiality of ethylene in leaf abscission
have centered aiound @& balance between growth regulators and the amount of

gas being produced by the leaf. Gawadl and Avery*! suggeeted a "hormone-

ethylene'” theory in which the ethylene was thoughtto stimulate the process

of aging. Hall*? ststed that abscission can occur whenever TAA synthesis
fs reduced or ethylene evolution {ncreased.

Results of altering the auxin levels also provide evidence against a
strict control of abscission by & hormone-eth:lene balance. It can be
shown that dilute concentrations of auxin, 2 or auxin applications to
aged (18-hour) explants,®® can stimulate abscission. If a drop in auxin
level is a prerequisite to abscission, then a stimulation of abscission
by auxin is opposite to what i{e expected by the earlier theories. Simi-
larly, the marked increase in ethylene evolution during auxin treatments
that inhibit abscission’”*?® speaks against the balance theory.

Our view hinges on the consideration of lea{ absciss’ 1 as & natural
consequence of the processes of senescence {n the foliar _.ssue. As the
leef ages, various metabolic alterations occur, so tha e aged leaf is

quite different physiologically from voung, vigorous tissue. A high auxin

level appears to be able to prevent®’ the onset of senesrcent changes,

although not to reverse them after they have cccurred. Ethylene, meanwhile,

15 an active stimulator of abscission only when applied to older tissues.
Therefore, {t {¢ not & matter of & promotion of ethylene or a decrease of

auxin that basically determines abscission rates, but is instead an increase
in sensitivity of the tissue to the ethylene that is already being produced.

An essentislly similar hvpothesis hss been advanced earlier by Barlow %¢+*

&

Our statements concerning the importance of ethylene for the induction
of leaf abscission should not be construed as meaning that this is the sole

compound involved. Although we have never found a compound (or environ-
mental condition) that accelerated abscissf{on without concurrently stimu-
lating ethylene evolution, it cannot be arsumed that such a compound (or
condition) does not exist. Further, it must be remembered that certain
substances may have other effects on abscission besidss stimulating
ethylerz. As examples, Bormann®® hss shown that GA can induce abscission-
zone formation in cotton stems, and Mitchell et al.*” have demonstrated

a similar phenomenon in bean stems using naphthylphthalamic acid.

Alrtough there 15 8 circumstantial relationship betwzen ethylene
production and leaf abscission,.there i{s no evidence for an absolute
requirement for this gas in order for abscission to occur. It is impos-
sible to establish this because small qusntities of ethylene are always

. present in vegetative tigsue. What ic known is that ethylene accelerates
abscission processes once the appropriate stage of senescence has been
reached, and any treatment that accelerates ethylene evolution without

. interfering with the natural aging of the cell will accelerate abscission.
Using this {nterpretation, {t {5 possible to unify & great deal of the
literature pertainipg to the effects of various compounds on abscission.
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